The potential application of the GC-TCD using column coupling method was investigated by means of comparison with the single column method for the identification of gas mixture containing 5 permanent and 6 hydrocarbon gases. The results indicate the useful of column coupling method, relative to the single column method. In addition, the flow rate of carrier gas and column temperature on the retention time of the target components have a noticeable effect. Application of the column coupling method for qualitative identification of the targeted components in natural gas samples indicate that the method can be used for routine work in the field of natural gas measurement, since the method has proven to be able to separate both hydrocarbon and permanent gas simultaneously. All the gas components that cannot be separated in the first column were well separated in the second column, which proved that column coupling method is superior to the single column separation.
Introduction
The gas chromatography (GC) was first invented in early 1900s [1] . Since then, the GC became a well-known as one of the most powerful technique in the area of chemical analysis and has been continually developed to increase its work efficiency. The efficiency of GC is often associated with the work to reduce the cost by using inexpensive carrier gases such as N 2 or H 2 which is economically advantageous [2, 3] . Although the use of inexpensive carrier gases is an example of good approach, an effort to improve column performance also remains concerned [4, 5] .
In a GC experiment, the functional property of the columns (stationary phase) is considered as material for the separation process of eluted target component before the detection by the GC detector [6] . Upon detection by the detector, the target components can be qualitatively identified based on their retention time (t R ) [7] .
As far as, the improvement of column performance has been extensively devoted in the area for achieving better separation and resolution by involving many technology advancement [4, [8] [9] [10] . In addition to improve the GC column performance for better separation and resolution, technology advancement for reducing the span of the GC measurement time has also been made. In this regards, method advancement of the GC column configuration system has been reported previously [11] [12] [13] . This column configuration system is known as column coupling method. Practically, the column coupling method consists of two columns having different stationary phase material was connected serially and configured by locating one column precedes the others or the reverse [12] . This method can also be classified as multidimensional gas chromatography, in which the sample was subjected to multiple separation processes (two in this case) coupled on-line. If the mentioned separation processes have different mechanisms and independent from each other, the orthogonality principle can then be fulfilled. An orthogonal system will result in an independent retention mechanism which, theoretically, will result in a more efficient compounds separation [14] .
Application of column coupling method for the separation of a complex mixture is considered more favorable than the single column method (a GC system configured with one column [12, 15] .
In this paper, experimental results from the qualitative simultaneous measurement of a gas mixture containing 11 target components of hydrocarbon and permanent gases by GC-TCD using a column coupling method are reported. The column coupling method was carried out by using two difference packed columns i.e., SP-1700 and MS-5 that were coupled in series and then installed on the GC-TCD system. The qualitative data from the column coupling method was compared to that of single column method. The effect of GC operating parameters (column temperature and flow rate of carrier gas) was also investigated.
In addition, the application of the column coupling method was conducted for the qualitative identification of the target components in natural gas samples.
Experimental

Materials
Ultra high purity (> 99.99% purity) 
Column Method Procedure
In this study, 11 target components in test mixture (Table 1) were not only separated using column coupling method using column #1 and #2 simultaneously (denoted as method-A+B), but also using single column method i.e., single column #1 (denoted as method-A) and single column #2 (denoted as method-B). Typically, the experiments were carried out as the below steps.
The first experiment was conducted by injecting the test mixture into GC-TCD and the target components were separated using method-A (Fig. 1a) . Under this condition, the valve 2 was switched OFF at the first 2 min (Table 3 ). The carrier gas containing the test mixture passed through the SP-1700 column.
All target components were eluted from SP-1700 column. The eluted target components from SP-1700 column were then detected by the TCD. Under this column configuration, no separation in MS-5A column was occurred. The second experiment was done by using method-B with a similar procedure to that of the first experiment, except column #2
(MS-5A column) was used instead of using column #1 (SP-1700 column) (Fig. 1b) . In this method-B, the valve 2 was switched OFF at first 2 min (Table 3) , the carrier gas (He) brought the test mixture to MS-5A column.
Immediately, the target components in the test mixture were eluted from MS-5A column. The eluted target components from MS-5A column were then detected by the TCD, while no separation occurred in SP-1700 column (column #1). (Table 3) , the carrier gas (He) brought the test mixture into the SP-1700. The separation of the target component on SP-1700 column was occurred at 2 -8 min ( Table 3 ). After that, the valve 2 was immediately switched OFF at the retention time of 8 min (Table 3 ) and the target components were separated in MS-5A column (column #2). The separation of the target components in MS-5A column was occurred from 8-17 min (Table 3 ). All separated component eluted from both SP-1700 and MS-5A column were detected by the TCD. As a summary, the first experiment utilized the SP-1700 column for separation of the components; while the second experiment utilized MS-5A column instead. Finally, the third experiment combined both SP-1700 and MS-5A for simultaneous separation in one analysis runtime.
Analysis of Target Gas Components
Measurement of all target gas components in the test mixture were conducted by injecting a certain amount of test mixture into the column of the GC-TCD system under operating conditions as tabulated in Table 2 .
The GC-TCD chromatograms of the test Firstly, the test mixture was measured by the GC-TCD using the method-A. Secondly, the measurement was carried out using method-B.
Finally, the test mixture was measured by method-A+B.
Effect of GC-TCD Operating Conditions
The effect of GC-TCD operating condition were studied by evaluating the effect of column temperature and carrier gas flow rate on the separation of the target components. In this case, the method-A+B was only used. Typically, the test mixture was injected into the GC-TCD under the same operating condition as shown in and the carrier gas flow rate were 25 ml/min, 28 ml/min, and 31 ml/min.
Application of Column Coupling Method
The method-A+B (column coupling method) was evaluated for its application to identify gas components in two different commercial natural gas samples, coding with
Sample-1 and Sample-2. Each natural gas sample was injected into GC-TCD under operating condition as shown in Table 2 .
Component identification in the gas sample was carried out by matching the identified component in natural gas sample with the component in the test mixture.
Results and discussion
Comparison between Single and
Column Coupling Method Since the SP-1700 column was coupled to the MS-5A column in parallel position; thus, the profile of the chromatogram obtained (Fig. 2c) is found to be similar to that of chromatogram as a combination between the SP-1700 ( Fig.   2a ) and MS-5A column (Fig. 2b) .
Additionally, it is noticeable from (Fig. 2a) , while the five components in test mixture were resolved using method-B with less than 11 min of separation time (Fig. 2b) .
Regardless the separation time required for resolving the all those 11 target components, the column coupling (method-A+B) was found to be more efficient than both single column retention. There were no component intended to elute from one column that was seen to coelute in the other column. Therefore, it can be concluded that the column coupling method in this study has fulfilled the principle of orthogonality [14] .
Moreover, it is also observed from the followed by the detection using TCD (Fig. 2b) .
In MS-5A column (Fig. 2b) , the air was of the decreasing retention time due to the column temperature variation effect can also be seen on Table 3 . In a word, the higher column temperature would decrease the t R of the target component and vice versa [23, 24] . From Fig. 5a -c, it can be roughly evaluated that change in the flow rate of carrier gas has influenced the t R of the target components significantly. In detail, Table 4 lists the obtained data regarding the effect of carrier gas on the t R of the target components. From Table 4 , it was found that increase of the flow rate of carrier gas decreases the t R of the target components. A representative graphical example is depicted in Fig. 7 , indicating the linearity decreases of the t R of the target components (R 2 = 0.8069 -0.9999) by increasing the flow rate of the carrier gas.
Since the flow rate determines the rate of carrier gas to carry target components passing through the column, therefore, a longer t R can be achieved at a lower flow rate of carrier gas and vice versa [25] . This phenomenon indicates that faster flow rate of the carrier gas lead to decrease not only the velocities of vaporized molecules spent in the column (stationary phase), but also the time spent in the mobile phase [26] . The findings are indicated that adjustment the flow rate of carrier can be used as an important technique for achieving a desired t R in a GC measurement in practice. For other component that is not included in Fig. 7 , the linearity coefficient (R 2 ) of the decreasing retention time due to the carrier gas flow rate variation effect can also be seen on Table 4 . ( Fig. 8a) . purpose is still promising to be carried out.
